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芘浓度为 0,10 和 50 mg/kg，镉浓度为 0，10，40 mg/kg。 
研究结果表明，与对照相比，随着 Cd 和 Pyr 的处理浓度增加，总植物生长
包括茎高、叶子数目和生物量（根生物量，茎生物量，叶生物量）都有所减
少。对照组茎高，叶片数目和生物量（根生物量，茎生物量和叶生物量）分别
为 36.33cm, 7.21, (69.64, 59.55, 17.47g) 。最高浓度处理组茎高，叶片数目和生
物量（根生物量，茎生物量和叶生物量）分别为 22.56 cm, 5.21, (44.59, 39.45, 
4.74g) 。由此可知，增加 Cd 和 Pyr 的处理浓度会抑制植物生长。 
抗氧化酶系统可反映出 Cd 和 Pyr 对红树林的生理生态影响。红树林植物组
织内的抗氧化系统，可以作为一种机制以避免氧化应激。这个系统是由一系列
酶和还原剂组成，如超氧化物歧化酶（SOD），过氧化物酶（POD）和过氧化氢
酶（CAT）。POD 和 CAT 可以清除体内过多的过氧化氢及氧自由基。CAT 可以
将 H2O2还原成 H2O 和 O2, 这在过氧化物酶体，细胞质和线粒体中均有发现。
POD 通过对基质的氧化来分解 H2O2，如酚类化合物或者其他抗氧化物质。研究
结果显示，当 Cd 和 Pyr 浓度增加时，POD 与 CAT 活性升高。 
Cd 和 Pyr 胁迫下,红树植物叶绿体色素下降，说明叶绿素的生物合成和降解
可能与重金属诱导有关。叶绿素含量下降可能是由于叶绿素酶活性增加或 δ-氨
基酮戊酸脱水酶活性受到抑制。本研究表明 Cd 和 Pyr 胁迫可促进叶绿素 a/b 增






























有研究表明脯氨酸还可清除活性氧和螯合金属离子。本研究表明在 Cd 和 Pyr 胁
迫下脯氨酸含量显著增多。 























This research aims focus to study the co-contamination effects of cadmium-
pyrene pollution on the physiology and ecology of Kandelia obovata seedlings. 
Pyrene concentrations was 0, 10 and 50 mg/kg, Cd concentration was 0, 10, 40 mg/kg.  
Our study result showed that total plant growth including stem high, leaves 
number and biomass (biomass of root, stem and leaf) decreased when Cd and Pyr 
increases compared to the control in all treatment. Stem high, leaves number and 
biomass (biomass of root, stem and leaf) in control was 36.33cm, 7.21, (69.64, 59.55, 
17.47g) respectively, While in the highest concentration was 22.56 cm, 5.21, (44.59, 
39.45, 4.74g) respectively. So we can say the increasing of Cd and Pyr concentration 
inhibit plant growth. 
The physiological and ecological effects of Cd and Pyr was shown in 
antioxidative enzymes. Mangrove plant tissues with equipped with antioxidant 
systems as a mechanism to avoid to oxidative stress. This system is composed of a 
series of enzymes and reductants such as Superoxide dismutase (SOD), 
Peroxidase(POD) and Catalase(Machado, Moscatelli et al.). POD and CAT could 
erase the excessive H2O2 and oxygen free radicals. CAT dismutates H2O2 into H2O 
and O2, which is found in peroxisomes, cytosol and mitochdcdria. POD decomposes 
H2O2 by oxidation of co-substrates such as phenolic compound and/ or antioxidants. 
Our result showed that the POD and CAT activity increase when Cd and Pyr 
concentration increase compared to the control. 
Chlorophyll pigments decreased under Cd and Pyr stress, which also suggest that 
chlorophyll biosynthesis and/or degradation might be an important target of metal-
induced stress in mangrove plants. The decline in chlorophyll amount can be the 
result of increase of chlorophyllase activity or inhibition of δ-aminolevulinic acid 
dehydratase. Cd and Pyr stress had a positive effect on the ratio of Chl a to Chl b in 
















The improvement of the content of soluble protein can increase the number of 
cell osmotic potential and functional protein, contribute to the maintenance of normal 
cell metabolism, improvement of plant resistance. Cadmium stress in this study 
K.obovata roots and leaves soluble protein content increased, thus the increase of 
soluble protein K.obovata stress of a heavy metal cadmium detoxification mechanism. 
Soluble sugar content in roots and leaves of K.obovata a little increased under 
Cd/Pyr concentration increased almost similar to the control. The accumulation of 
soluble sugars in plants under a variety of environmental stresses was considered to 
be a trait of adaptation. Cd was proved to enhance soluble sugar content. The decrease 
in the utilization of carbohydrate for growth due to heavy metals was more 
pronounced than the decrease in CO2 fixation, resulting in an increased accumulation 
of carbohydrates. 
Malondialdehyde (MDA) is a cytotoxic product of lipid peroxidation and an 
indicator of free radical production and consequent tissue damage. Thus, cell 
membrane stability has widely been utilized to study effects of stress on plants. MDA 
content in our have a slight increase when the Cd/ Pyr concentration increased. We 
think that may be K.obovata have better protecte from oxidative damage, and can 
rapidly up-regulate the antioxidative system. 
Proline is occur widely in higher plants and normally accumulates in response to 
environmental stresses including heavy metal exposure. It plays important role in 
osmoregulation, protection of enzymes and stabilization of the sub-cellular structures. 
Moreover, it has been shown to help to scavenge ROS and sequester metal ions. In 
this study proline content increased significantly under Cd and Pyr stress compared 
with the control. 
The hydrogen peroxide (H2O2) also increase when the Cd and Pyr concentration 
increased. 
Accumulation and observation of cadmium was higher in roots, even as the 















immobilized in the vacuoles of the root cells, thus rendering it less toxic, which may 
be a natural toxicity response of the plant. Not just due to the increase in the 
observation of Cd, but also due to the concomitant decrease in dry matter 
accumulation. The decomposition of organic pollution was due to the microorganism 
activity. The microorganism activity have a major role in improve plants growth, 
furthermore, improve plants tolerance to heavy metals and absorption to heavy metals. 
 
Key words: Kandelia obovata, Heavy metals, Cadmium, Polycyclic aromatic 
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Chapter1: Brief introduction 
1.1 Introduction 
Mangrove ecosystems found in the intertidal zones of tropical and subtropical 
coastal rivers, estuaries and bays(Yim and Tam, 1999), mangrove forests provide an 
important ecosystems service as a natural resource for food, medicine, firewood and 
timber and habitats for resident and migratory organisms. More importantly, 
mangroves provide regulating services to prevent and minimize soil and water 
pollution. 
 Nowadays, the mangrove ecosystem become vulnerable to pollution like heavy 
metals and oil spillage which may have changed this ecosystem biogeochemistry. Due 
to the industrial development and pollution expansion the heavy metals and organic 
pollution in mangrove ecosystem became more and more serious problem and aroused 
public attention. It is generally believed that rhizosphere plays an important role in the 
bioavailability of organic pollution in mangrove habitats and has closed connection 
with absorption, transformation and degradation of organic contaminant. However, 
there is seldom report about the alleviation effect of nutrient element to polycyclic 
aromatic hydrocarbons (PAHs) pollution in mangrove ecosystem, especially the effects 
of microorganisms in rhizosphere of mangroves. 
 In this study, mangrove (Kandelia obovata) seedlings planting in green house 
under different concentrations of Pyrene and Cadmium. There are three 
concentrations for Pyrene which are 0, 10, 50 mg/kg, and three concentrations for 
Cadmium are 0, 10, 40 mg/kg. We do this research for understand deeply and know 
more about the co-contamination effects of cadmium-pyrene pollution on the 
physiology and ecology of Kandelia obovata seedlings. You know now what we need 
to do but the question is why we need to do this? The answer it will be because we 
need to keep our environment clean and healthy for human body. Furthermore, PAHs 
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mutagenic been more and more attention. Pyrene is the presence of PAHs in 
environmental samples of indicators, in environment as long as the detection of PAHs. 
Also Cd is the environmental pollution of heavy metals in first, they are toxic to 
plants at present are mostly limited to the study of human production and life are 
closely related as. and we know if we don’t be attention to this pollution know in the 
future it will become serious problem more and more. 
1.2 Research aim and objectives: 
Our research aim to investigate the co-contamination effects of cadmium-pyrene 
pollution on the physiology and ecology of Kandelia obovata seedlings. 
So we focus to study four objectives: 
1) Investigate the effects of pyrene and cadmium on growth of Kandelia obov-
ata mangrove seedling. 
2) Investigate the physiological and ecological response of pyrene and cadmium 
on Kandelia obovata mangrove seedling. 
3) Assess the pyrene and cadmium toxicity effect on Kandelia obovata mangrove 
seedling.  
4) To determine the Absorption and accumulation of cadmium on 


















(Figure 1.1) Arrangement of this project 
图 1.1 实验设计路线图 
This thesis is divided into 5 chapters. The first chapter including brief 
interoduction to the research with aim and objective. Second chapter is literature 
review contains the previous study on importance of mangrove ecosystems, Heavy 
metal and organic pollution in mangrove forests in China, Cadmium accumulation, 
distribution and translocation mechanism in plants, Polycyclic aromatic hydrocarbons 
accumulation in plants, Current research on the co-contamination effects of Cadmium 
and PAHs (pyrene) and Current research on the co-contamination effects of Cadmium 
and PAHs (pyrene) on mangrove plants. Chapter 3 materials and methods, in it we 
described detailed methodology to our experiment. Chapter 4 results and discussion 
including interaction stress of Cd and Pyr on growth, physiological and ecological 
effect and absorption and accumulation of Cd on Kandelia obovata seedling. 
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Chapter 2 - Literature Review 
This chapter examines the current research on the re-introduction of pollutants, 
particularly Cadmium and Polycyclic aromatic hydrocarbons, through the root, stems 
and leaves of the mangrove plant into its surrounding soil and water, which could 
shorten its life cycle and further reduce the number of mangrove ecosystems that are 
essential for ecological balance.  
2.1 The importance of mangrove ecosystems    
Found in the intertidal zones of tropical and subtropical coastal rivers, estuaries 
and bays(Yim and Tam, 1999), mangrove forests provide an important ecosystems 
service as a natural resource for food, medicine, firewood and timber and habitats for 
resident and migratory organisms. More importantly, mangroves provide regulating 
services to prevent and minimize soil and water pollution. Finally, mangroves 
function as a supporting ecosystem service to mitigate the effects of climate change 
on coastal areas, which affect the livelihoods of coastal communities. 
Mangrove forests help support the entire ecosystem from the food chain, to the 
water, to the animals by the uptake of heavy metals. They are crucial to sustaining a 
healthy, clean environment. 
• To include current research on mangroves as natural resource. 
• Mangrove ecosystems protect coastal communities from the impacts 
of climate change (sea level rise, cyclones, storms, increased salinity of 
estuaries and freshwater aquifers, altered tidal ranges in rivers and bays, 
changes in sediment and nutrient transport and increased coastal flooding) and 
the continual action of waves on coastal zones that lead to erosion and loss of 
natural habitats(Mazda, Magi et al., 1997; Ahmed, 2002).  
• Mangrove ecosystems provide a regulating service in the prevention 
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formation(Lin, 1999) and the accumulation of organic matter. 
• Mangroves are widely recognised as a tool for the assessment of 
changes in environmental quality due to their unique function as a natural sink 
that preserves contaminants in aquatic environments(Förstner, Calmano et al., 
1981). 
• Mangroves enrich the soil and its surrounding waters through 
nutrients released in the decomposition process of its organic matter and in 
turn, protect the food chain. Decomposed fallen leaves, stems, roots, flowers 
and fruits from the mangrove tree, known as “litter-fall” mix with microbial 
biomass to produce detritus, which is a protein-rich food supply for fish and 
other living organisms in coral reefs, seaweeds and seagrass beds. Indirectly, 
mangroves also protects the food supply for larger air, land and sea carnivores 
like insects, birds, amphibians, reptiles and mammals such as the endangered 
Bengal tiger, the estuarine crocodile (Crocodylus porosus) and  the largest of 
all ibises, the giant ibis (Pseudibis gigantea). 
• Mangrove ecosystems also provide a water detoxification service by 
preventing the flow of seawater inland, thus protecting underground water 
systems. In fact, studies have shown that mangroves can efficiently reduce the 
salinity of groundwater, thereby forming a natural source of drinking water 
supply to coastal communities (Ridd, 1996). 
• Besides preventing the inflow of seawater, mangrove forests also 
help in the control of water pollution by retaining, recovering and removing 
excess nutrients and other pollutants in underground water systems. This 
protects living organisms in aquatic ecosystems from pollution e.g. trace metal 
contaminants because their high mud content acts as a natural sink to absorb 
heavy metals from tidal water, freshwater rivers and storm water runoff 
(Harbison, 1986; Lacerda, Carvalho et al., 1993; Badarudeen, Damodaran et 
al., 1996; Tam and Wong, 1996; Alongi, Wattayakorn et al., 2004). 
• Mangrove ecosystems also help in wastewater management as their 
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technologically simple way to purify wastewater through the removal of 
nutrients, heavy metals and organic pollutants (Lee, Crites et al., 1997; 
Obarska-Pempkowiak and Klimkowska, 1999; Groudeva, Groudev et al., 2001; 
Babatunde, Zhao et al., 2008).  
• Mangrove  systems  also  help  in  recycling  of  carbon,  nitrogen  
and  sulphur.  It is perhaps the only biotic system that recycles sulphur 
efficiently in nature, and making it available in assimilable forms to other 
organisms. The Millennium Ecosystem Assessment (2005) report that 
wetlands intercept more than 80% of nitrogen flowing from terrestrial systems. 
Moreover, mangrove ecosystems are important in the removal of nutrients, 
heavy metals, and organic pollutants from wastewater within estuarine 
systems due to the presence of oxidized and reduced conditions, periodic 
flooding by incoming and outgoing tides, and high clay and organic matter 
content.  
Although mangrove ecosystems are among the most productive systems in the 
world, they are highly threatened by: 
• Land conversion for industrial development,  
• diversion of freshwater flows,  
• nitrogen loading,  
• overharvesting,  
• siltation,  
• changes in water temperature, and  
• species invasions.  
Heavy metals have been found to be the common pollutants in urban aquatic 
ecosystems and are one of the main anthropogenic toxic compounds found in polluted 
mangrove locales, arising from industrial effluents, industrial wastes and urban runoff 
(MacFarlane and Burchett, 2001; Caregnato, Koller et al., 2008). As early as 1987, 
Balogh and Salanki(Balogh and Salanki, 1987) had highlighted the need to monitor 
and conduct studies on the detrimental effects of heavy metal pollution in the 
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